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The most common primary tumors of the human brain are thought
to be of glial cell origin. However, glial cell neoplasms cannot be
fully classified by cellular morphology or with conventional mark-
ers for astrocytes, oligodendrocytes, or their progenitors. Recent
insights into central nervous system tumorigenesis suggest that
novel molecular markers might be found among factors that
have roles in glial development. Oligodendrocyte lineage genes
(Olig1y2) encode basic helix–loop–helix transcription factors. In the
rodent central nervous system, they are expressed exclusively in
oligodendrocytes and oligodendrocyte progenitors, and Olig1 can
promote formation of an chondroitin sulfate proteoglycon-posi-
tive glial progenitor. Here we show that human OLIG genes are
expressed strongly in oligodendroglioma, contrasting absent or
low expression in astrocytoma. Our data provide evidence that
neoplastic cells of oligodendroglioma resemble oligodendrocytes
or their progenitor cells and may derive from cells of this lineage.
They further suggest the diagnostic potential of OLIG markers to
augment identification of oligodendroglial tumors.

G lial neoplasms of the central nervous system (CNS) account
for less than 1.5% of all new cancer cases reported in the

United States each year. Nevertheless, these tumors are the fourth
leading cause of cancer-related deaths in the United States (1). The
high mortality rate of these infrequent cancers reflects the fact that
two of the major subclasses—anaplastic astrocytoma and glioblas-
toma (GBM)—are refractory to conventional modalities of surgical
resection, radiotherapy, and chemotherapy. On the other hand,
selected patients diagnosed with anaplastic oligodendroglioma as
well as low-grade oligodendroglioma can respond dramatically
to the chemotherapeutic regimen of procarbazine, lomustine
(CCNU), and vincristine (2–4). The presence of oligodendroglial
features in malignant astrocytoma also appears to connote a better
prognosis (5, 6). Thus there is prognostic and therapeutic value in
the accurate diagnosis of oligodendroglial features within human
brain tumors.

Although the biological distinction of oligodendroglial tumors
from other gliomas holds great significance, the histopatholog-
ical diagnosis of oligodendroglioma can be difficult, because
there are currently no available molecular markers that reliably
distinguish oligodendroglial tumors from astrocytomas. Cell
type-specific marker proteins for mature oligodendroglial cells,
such as myelin basic protein, myelin-associated glycoprotein,
myelin proteolipid protein, 29,39-cyclic nucleotide-39-phospho-
diesterase, and galactolipids (GalC, O1, O4), are not expressed
at detectable levels in oligodendrogliomas (7–10) (E.N. and
P.M.B., unpublished observations). Likewise, the mRNAs that
encode mature oligodendrocyte marker proteins do not corre-
late with the diagnosis of oligodendrogliomas by morphological
classification (11). Astrocytic glial cell markers such as glial
fibrillary acidic protein (GFAP) and S-100 b are expressed in
both astrocytomas and oligodendrogliomas at various levels.
They may be very useful for the diagnosis of astrocytomas but not
for oligodendrogliomas (7, 12, 13).

The absence of lineage-specific marker proteins for oligoden-
droglioma raises another question. Does oligodendroglioma
actually arise from oligodendrocytes or their progenitors? The
term ‘‘oligodendroglioma’’ is empirical and reflects similarities
between the cellular morphology of well-differentiated tumors
and nonneoplastic oligodendrocytes. Certain glial cell neo-
plasms do express genes that are associated with undifferenti-
ated oligodendrocyte precursor cells (14). For instance, imma-
ture glial markers, chondroitin sulfate proteoglycon (NG2) and
a receptor of platelet-derived growth factor (PDGFaR), are
detected in oligodendroglial tumors and pilocytic astrocytoma
(PA) by immunohistochemical methods (15). However, NG2
chondroitin sulfate proteoglycan antibody is known to label the
O-2A progenitor (16), which can give rise both to oligodendro-
cytes and type 2 astrocytes in vitro as well as other tissue types
(e.g., capillaries) that might be found as components of brain
tumors. PDGFaR is likewise expressed in other CNS cell types.
Thus, neither of these markers is clearly specific to oligoden-
drocyte progenitor cells. Indeed, the paucity of molecular mark-
ers for early stages of normal glial cell development has made it
difficult to establish the cellular origins of oligodendroglioma.

Recently rodent Olig1 and Olig2 genes were identified as
oligodendrocyte lineage genes, encoding basic helix–loop–helix
factors (17, 18). The Olig genes are expressed in rodent CNS
specifically in cells of the oligodendrocyte lineage (17–19).
Strikingly, Olig genes are expressed in embryonic oligodendro-
cyte precursors of the neural tube as well as in mature oligo-
dendrocytes. Thus, oligodendrocytes in the human CNS might
be expected to express human OLIG genes regardless of their
degree of differentiation. This observation raised the question of
whether human OLIG genes might serve as useful markers for
identification of oligodendrogliomas or brain tumors derived
from oligodendroglial cells. Here we report that OLIG genes are
expressed in human oligodendrocytes and show strong expres-
sion in oligodendroglioma but not in other glial cell tumors.
These results suggest the diagnostic potential of OLIG markers
to augment identification of oligodendroglial tumors and shed
light on the biological nature of these neoplasms.

Materials and Methods
Human Brain Tissue Collection, Processing, and Histological Analysis.
In accordance with institutional review board-approved human
tissue collection protocols, brain tumor samples were obtained
via open neurosurgical resection of masses from 23 patients; two
normal brain samples were collected during temporal lobe
resection for intractable epilepsy. In all cases, parts of the
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specimen were fixed and paraffin-embedded for histological
analysis, and parts were snap-frozen in liquid nitrogen for
analysis by in situ hybridization andyor immunostaining. An
independent neuropathologist (D.N.L) reconfirmed clinical
neuropathological diagnoses on frozen sections. Hematoxyliny
eosin staining was carried out according to standard procedures.
For methyl green staining, frozen tissue sections were immersed
in 1% methyl green (Vector Laboratories) in 20 mM sodium
acetate and sodium barbital (pH 4.0) for 1 min, then washed with
the phosphate buffer to maintain green nuclear staining.

In Situ Hybridization Analysis of OLIG Expression in Human Tumors.
After storage in liquid nitrogen, brain tissues were drop-fixed in
fresh 4% paraformaldehyde for 12–16 h. They were then equil-
ibrated in 20% glucoseyPBS (pH 7.4) at 4°C, embedded in
optimal cutting temperature compound, and sectioned at 15 mm
on a cryostat (Bright, Huntington, U.K.). In situ hybridization
was performed as previously described (17). A detailed protocol
is available on request. The following cRNA probes were used:
human OLIG1, OLIG2 (cloned on the basis of GenBank pub-
lished sequence AP000109; ref. 16), and GFAP (11). All analyses
of expression level were performed at low-power magnification,
and the entire tumor on the slide was evaluated, rather than
specific foci or selected high-power fields. OLIG gene expression
levels were scored from low to strongly positive (1y2 to
11111) on a six-grade arbitrary scale, depending on the
percentage and intensity of OLIG-positive cells in tumors, as
indicated in the legend to Table 1. These subjective measures
were scored by two independent investigators, and the average
values of classification are shown in Table 1. To ensure consis-
tency, we used an identical preparation of digoxigenin–OLIG1

probe on all tumors, and incubation with chromogenic substrate
(nitro blue tetrazolium (NBT)y5-bromo-4-chloro-3-inodolyl-
phosphate (BCIP) was only for 24 h. The higher intensity of
OLIG expression reflects the fact that less time is required to
develop the purple color formation of the substrate. Further-
more, as a measure of the quality of the mRNA species in the
astrocytic tumors, testing for GFAP expression was done in cases
where OLIG expression levels were less than ‘‘1y2.’’ For double
in situ hybridization, we used digoxigenin-labeled cRNA for
OLIG1 and fluorescein-labeled cRNA for GFAP, respectively.
The different labeled cRNAs were recognized with anti-
digoxigenin–alkaline phosphatase (AP) Fab fragment or anti-
f luorescein–AP Fab fragment and developed with correspond-
ing substrates NBTyBCIP (blue purple) or 1-(4-iodophenyl)-5-
(4-nitrophenyl)-3-phenyltetrazolium chlorideyBCIP (dark
brown) sequentially.

Immunohistochemistry. After in situ hybridization, certain sections
were pretreated with 3% H2O2 in PBS for 30 min at room
temperature and then immunolabeled with rabbit polyclonal
antibody against myelin basic protein [1:200 dilution (Biomedia,
Foster City, CA)], and subsequent visualization with avidin–
biotin complex (Vector) in the presence of diaminobenzidine,
per manufacturers’ protocols.

Results
Specific Expression of OLIG1 in Human Oligodendrocytes. To deter-
mine the specificity of human OLIG gene expression in oligo-
dendrocytes, we analyzed nonneoplastic cerebral cortex and
temporal lobe tissues by in situ hybridization with an OLIG1
cRNA probe. As shown in Fig. 1 A and B, OLIG1-expressing cells
were small with round nuclei and scant cytoplasm and formed
interfascicular linear arrays, features typical of oligodendroglial

Table 1. OLIG expression in normal and neoplastic brain

Clinical diagnosis

mRNA expression level

OLIG1 OLIG2

Nonneoplastic brain
Cerebral cortex 1y2 1y2

White matter 1 1

Brain tumors
Oligodendrogliomas

Oligodendroglioma (grade II) 11111 11111

Oligodendroglioma (grade II) 1111 1111

Oligodendroglioma (grade II) 1111 1111

Anaplastic oligodendroglioma (grade III) 11111 11111

Anaplastic oligodendroglioma (grade III) 1111 1111

Anaplastic oligodendroglioma (grade III) 111 111

Astrocytomas
Pilocytic astrocytoma (grade I) 1y2 1y2

Pilocytic astrocytoma (grade I) 1y2 1y2

Astrocytoma (grade II) 1y2 1y2

Astrocytoma (grade II) 1y2 1y2

Astrocytoma (grade II) 1y2 1y2

Astrocytoma (grade II) 1y2 1y2

Astrocytoma (grade II) 1 1

Anaplastic astrocytoma (grade III) 1y2 1y2

Anaplastic astrocytoma (grade III) 1y2 1y2

Glioblastomas
Glioblastoma (grade IV) 1y2 1y2

Glioblastoma (grade IV) 1y2 1y2

Glioblastoma (grade IV) 1 1

Glioblastoma (grade IV) 1 1

Glioblastoma (grade IV) 1 1

Glioblastoma (grade IV) 1 1

Glioblastoma (grade IV) 11 11

Glioblastoma (grade IV) 11 11

Fig. 1. OLIG1 expression specifically identifies human oligodendrocytes.
Frozen sections of temporal lobe tissue, resected from a patient with epilepsy,
were analyzed by in situ hybridization with an antisense human OLIG1 cRNA
probe and immunolabeling with the mature oligodendrocyte marker, myelin
basic protein (MBP). (A, B) OLIG1 expression was detected in cells with oligo-
dendrocyte morphological characteristics including, small round nuclei that
counterstain with methyl green (B), scarce cytoplasm, and formation inter-
fascicular cellular arrays (A and B, filled arrows). The white boxed area in A is
shown at higher power in B. (C, D) OLIG1 expression in cells adjacent to neuron
cell bodies, which contain large nuclei and dark brown lipofuscin granules
(arrowheads). Single OLIG1-positive cells (indicated by white arrows) were
observed in association with neurons (C) and as perineuronal oligodendrocyte
satellites (D). (E) In situ hybridization of OLIG1 mRNA transcripts in conjunc-
tion with MBP immunolabeling, which identified cell body and myelinated
fibers of oligodendrocytes, indicating that OLIG1-expressing cells are oligo-
dendrocytes (white arrows). [Bars 5 50 mm (A); 15 mm (B–D); 25 mm (E).]
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cells. OLIG1-expressing cells were often detected adjacent to
neurons, identified morphologically by the presence of large
nuclei and dark brown lipofuscin granules (Fig. 1 C and D; filled
arrowhead). Indeed, although most regions of the brain showed
single oligodendrocytes in association with neuron cell bodies
(Fig. 1C, white arrow), a characteristic finding in the temporal
lobe was the presence of perineuronal oligodendroglial satellites
(Fig. 1D, white arrows). Moreover, we observed colabeling of
OLIG1-expressing cells with the mature oligodendrocyte
marker, myelin basic protein (Fig. 1E, white arrows). Together,
these results indicate that OLIG1 specifically marks oligoden-
drocytes in human brain and are consistent with previous
observations in the rodent CNS (17–19).

Oligodendrogliomas Express High Levels of OLIG mRNA Transcripts.
To determine whether OLIG genes were expressed in human glial
tumors, we screened a panel of 23 glial tumors with independently
reconfirmed diagnoses (see Materials and Methods) by in situ
hybridization. All tumors were also tested for expression of GFAP,
which served both as an independent measure of tissue quality and
an indicator of certain tumor characteristics (e.g., reactive astrocy-
tosis). As indicated in Table 1, all six of the oligodendrogliomas
analyzed showed high levels of OLIG expression, and two repre-
sentative cases are shown in Fig. 2. Histological analysis of ana-
plastic (Fig. 2A) and low-grade (grade II; Fig. 2E) oligodendrogli-
oma at high magnification shows moderately to densely cellular
tumors composed of cells with rounded and homogeneous nuclei as
well as perinuclear halos (Fig. 2A)—all characteristic features of
oligodendrogliomas. The OLIG1 gene was strongly expressed in the
neoplastic cells of these oligodendrogliomas, labeling densely
packed cells (Figs. 2 B and F). Low- magnification images are shown
of these tumors to illustrate the interface between neoplastic areas
with high OLIG1 expression and adjacent nonneoplastic tissue with
minimal OLIG1 expression (Fig. 2 C and G). Note that the intense
OLIG1-expressing cellular foci are devoid of expression of the
astrocytic marker, GFAP (Fig. 2 D and H). The GFAP-positive
cells found outside of the tumor were judged to be reactive
astrocytes surrounding the neoplastic tissue, given their location
and characteristic stellate appearance. Similar to OLIG1 charac-
teristics, OLIG2 was expressed at high levels in the oligodendroglial
tumors (Fig. 2 I and J). Our results demonstrate that neoplastic cells
of oligodendrogliomas strongly express OLIG genes.

Characterization of OLIG Expression in Other Gliomas. To test
whether high levels of OLIG gene expression could distinguish
oligodendrogliomas from astrocytomas, we examined OLIG1
expression in other glial tumor samples. As shown in Fig. 3 A and
B, the nonneoplastic human cerebral cortex contains only scat-
tered OLIG1-positive cells. In contrast to the high levels of
OLIG expression in oligodendroglioma (Fig. 2), we found only
weak or moderate expression in astrocytomas such as fibrillary
astrocytoma (Fig. 3 C and D), anaplastic astrocytoma (Fig. 3 E
and F), and PA (Fig. 3 I and J). Similar patterns and levels of
mRNA expression were also observed with human OLIG2 in
sections of astrocytomas (Table 1).

GBM is a highly anaplastic brain tumor composed of poorly
differentiated neoplastic cells and pleomorphic cells displaying
astrocytic differentiation, mitoses, microvascular endothelial
proliferation, and pseudopalisading necrosis (20). As indicated
in Table 1, we found OLIG1 gene expression in GBM tumor
sections to be highly variable. One case of GBM with a moderate
level (11) of OLIG1 expression is shown in Fig. 4. In contrast
to results obtained with all oligodendroglial tumors tested, both
GFAP (Fig. 4E) and OLIG1 (Fig. 4C) were expressed in this
GBM sample in the solid tumor region and the region adjacent
to necrosis (peripheral pseudopalisading tumor cells indicated by
arrows in Fig. 4 A, C, E). OLIG1-expressing cells in GBM were
not densely packed, and many intervening OLIG1-negative cells

were present (Fig. 4D). GFAP- and OLIG1-positive cells ap-
peared to be intermingled (compare Fig. 4 D and F). The
double-labeling images of OLIG1 and GFAP clearly show that

Fig. 2. Neoplastic oligodendroglioma cells express high levels of OLIG mRNA
transcripts. (A, E) Histological analysis and (B–D, F–J) in situ hybridization for
expression of human OLIG1, OLIG2, and GFAP were performed on samples of
(A–D) anaplastic oligodendroglioma and (E–J) oligodendroglioma (grade II), as
described in Materials and Methods. (A, E) In both cases, histological analysis with
hematoxylinyeosin staining reveals densely packed cells with round nuclei. Pe-
rinuclear halos in paraffin process section are also observed (A, high magnifica-
tion). (B,F, J) StrongOLIGexpressionwasfound indenselypackedhomogeneous-
appearing neoplastic cells of oligodendrogliomas; OLIG1 (B, F) and OLIG2 (J). (C,
D, G–I) Low-magnification images of tumors showing expression of OLIG1 (C, G),
OLIG2 (I), or GFAP (D, H). Note apparent segregation of GFAP mRNA transcripts
from neoplastic cells of oligodendroglioma with strong OLIG expression. The
border of tumor and the surrounding nonneoplastic tissue is indicated by the
white dotted line. This indicates that the GFAP1-reactive astrocytes are found in
the tissue surrounding tumor neoplasm. [Bars 5 50 mm (A and B); 200 mm (C and
D); 100 mm (E, F, and J); 400 mm (G–I).]
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OLIG and GFAP do not mark the same cells (Fig. 4 G and H).
In contrast, most—if not all—neoplastic cells in oligodendrogli-
oma expressed high levels of OLIG. Essentially no GFAP
expression was detected within oligodendrogliomas, and
GFAP1-reactive astrocytes were found only surrounding the
neoplasm (Fig. 4I).

In summary, OLIG expression per se does not distinguish
oligodendroglioma from GBM. However, GBM is a very dis-
tinctive tumor that is easily diagnosed by other histopathologic
criteria. High-grade gliomas typically infiltrate into normal
adjacent white matter that is rich in oligodendrocytes. Thus it is
expected that some background cells within high-grade gliomas
will express OLIG genes. In addition, high-grade gliomas such as
GBMs are genetically unstable, and the neoplastic cells of these
tumors are notorious for expressing a wide range of marker
genes for different neural lineages.

Discussion
Molecular analysis of mechanisms underlying CNS development
has yielded significant insight into tumorigenesis. For example,

activity of the Sonic hedgehog pathway, essential for prolifera-
tion of granule neuron precursors during development of the
cerebellum (21–23), is etiologic in perhaps 10–20% of cases of
the human cerebellar tumor, medulloblastoma (24, 25). Al-
though parallels have been drawn between glial tumors and
immature glial precursors (14), such characterization has been
limited by the paucity of molecular markers for early stages of
glial development. Our results indicate strong OLIG gene ex-
pression in oligodendroglioma and highlight the diagnostic po-
tential of OLIG markers to distinguish between types of human
glial tumors. Together with previous observations, these data

Fig. 3. OLIG1 is expressed at low levels in most astroglial tumors. (A, C, E, G)
Histological analysis and (B, D, F, H) in situ hybridization by using an OLIG1
cRNA probe were performed on samples of: (A, B) nonneoplastic human
cortex, (C, D) fibrillary astrocytoma, (E, F) anaplastic astrocytoma, and (G, H)
PA. Note astrocytic cells in astrocytomas with pleomorphic nuclei, large
amounts of cytoplasm, and dense fiber bundles. Expression of OLIG1 in these
tumors was low and contrasted strong expression in oligodendroglioma (see
Fig. 2). (Bar 5 50 mm.)

Fig. 4. OLIG1 expression in a case of GBM. (A, B) Histological analysis and
(C–F) in situ hybridization by using (C, D) OLIG1 or (E, F) GFAP cRNA probes
were performed on a case of GBM. (A, C, E) Low-magnification images of this
GBM. Note areas of necrosis (Right) and peripheral pseudopalisading tumor
cells in the sections (filled arrows). (B, D, F) At high magnification, histological
analysis in conjunction with in situ hybridization revealed expression of both
OLIG1 (D) and GFAP (F) in areas of solid tumor. OLIG1- (purple) and GFAP-
(brown) expressing cells are intermingled but distinct from each other shown
in low (G) and high (H) magnification, in contrast to oligodendroglioma,
wherein GFAP1 cells surround the neoplasm (I). [Bars 5 200 mm (A, C, and E);
150 mm (G, I); 50 mm (B, D, F); 30 mm (H).]
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further suggest that neoplastic cells of oligodendroglioma bear
resemblance to developing oligodendrocytes.

Currently, the identification of tumor-specific molecules re-
mains the major challenge for precise diagnosis of brain tumor
subtypes. Oligodendrogliomas manifest weak or absent immu-
noreactivity to conventional markers for mature oligodendro-
cytes (8, 9, 26), and in situ hybridization for mRNA transcripts
of myelin-specific proteins was essentially negative in oligoden-
droglioma (11). These findings have led investigators to question
whether oligodendroglioma is indeed a derivative of oligoden-
droglial cells or represents some other cell of origin (27).

To further investigate the biological nature of oligodendrogli-
oma, we used homologues of the recently cloned oligodendrocyte
lineage gene markers, Olig1 and Olig2, that encode basis helix–
loop–helix proteins (17, 18). During rodent CNS development, Olig
genes are expressed in oligodendrocyte precursors and differenti-
ated oligodendrocytes (17, 18). In keeping with these observations,
our results indicate that human OLIG1 expression is specific for
oligodendrocytes. In addition, of 23 glial tumors screened, neo-
plasms expressing high levels of OLIG genes were observed only in
oligodendroglial tumors but not in other tumor types. Interestingly,
multiple GenBank entries show high representation of human
OLIG1 expression in expressed sequence tag libraries derived from
oligodendrogliomas. It is therefore possible that high levels of
OLIG expression are a general characteristic of oligodendroglial
tumors. Indeed, that OLIG genes are consistently expressed in
oligodendroglial tumors, coupled with the absence of differentiated
markers for oligodendrocytes (11), strongly argues for an immature
character, similar to oligodendrocyte progenitor cells of the devel-
oping CNS. These findings extend those of Shoshan et al. (15), who
determined that the immature glial marker, NG2, was expressed in
oligodendroglial tumors. Although NG2 expression is a marker for
oligodendrocyte precursors, it has also been observed in bipotential
glial precursors. Thus, the additional finding of OLIG expression
strongly argues for the oligodendroglial nature of this tumor.
Ectopic expression of OLIG1 has been shown to promote the
formation of NG21 cells in vitro (17). Thus, an intriguing possibility
is that OLIG expression in oligodendroglioma itself may be mech-
anistically linked to initiation andyor maintenance of expression of
early markers of oligodendrocyte development.

It is also significant that astroglial tumor types showed low or
absent levels of OLIG gene expression. In particular, we found
consistently low levels of OLIG expression in low-grade astrocyto-
mas. The scattered pattern of OLIG1 cells in the astrocytoma
samples, moreover, could represent the native oligodendrocytes in
tissue that has been infiltrated by the neoplastic astrocytes (11), as
OLIG expression marks mature oligodendrocytes as well as pre-
cursors (17). In contrast to results of Shoshan et al. (15), who
detected NG2 labeling in PA, we found PA to be OLIG-negative.
Although our numbers were small, strong GFAP expression in our
PA samples (data not shown) rules out the possibility that absence
of OLIG expression was because of poor tissue quality. Thus,
although these results will have to be confirmed on larger numbers
of PAs, they raise the possibility that OLIG marker expression may
help distinguish oligodendroglioma from PA.

The diagnosis of GBM is made in tumors that are thought to
be astrocytic in nature with the malignant features of marked
cytological atypia, mitoses, neovascular proliferation, and ne-
crosis. Additionally, GBM may show significant cytological and
morphological heterogeneity and variability even within the
same tumor, making it difficult to distinguish between GBM and
some anaplastic oligodendrogliomas, which can also show ple-
omorphism, necrosis, and vascular proliferation. This issue cur-
rently represents a diagnostic dilemma in the field of neuropa-
thology and neurooncology, as there is evidence that anaplastic
oligodendrogliomas and tumors with oligodendroglial compo-
nents may respond better to therapy and have a more favorable
prognosis (5, 6).

Interestingly, it has been proposed that the so-called oligoden-
drocyte precursor cells (also known as O-2A cells) may be the
cellular origin of a subset of GBMs (14). Some of the GBMs
examined in this study expressed relatively high levels of OLIG
mRNA. Thus, our results are consistent with the idea that different
components of certain anaplastic oligoastrocytomas may arise from
a common precursor cell. However, it should be pointed out that
high-grade gliomas such as GBMs often show aberrant expression
patterns because of progressive genetic instability. Thus, an alter-
native possibility is that OLIG expression in GBM might reflect
dysregulation. These observations raise further questions about the
origins of complex human glial tumors and are compelling reasons
to investigate further the origins of glial tumors by using animal
models. It was reported that ectopic expression of polyoma middle
T-antigen driven by GFAP regulatory sequences produced mixed
astrocytoma–oligodendroglioma (28). Although GFAP is known to
mark differentiated astrocytes, labeling has recently been described
in association with putative multipotent neural stem cells (29).
Thus, it is possible that the mixed gliomas arising in this model may
derive from oncogenic transformation of multipotential precursor.
In any case, our observations suggest that OLIG genes will be useful
markers in the characterization of early oligodendroglial tumor
development and determination of their ontogeny.

In terms of clinical implications, we found OLIG expression to be
a molecular marker whose expression characteristics varied be-
tween different glial tumor types. It may be that use of OLIG
expression, in conjunction with standard neuropathological ap-
proaches, will eventually facilitate more accurate diagnoses of glial
tumors. This is particularly important for the diagnosis of oligo-
dendrogliomas, a relatively rare yet chemosensitive tumor (2, 3, 30).
Recent data suggest that molecular genetic analyses such as loss of
heterozygosity (LOH) may be a predictive means of determining
which oligodendroglial tumors will be chemosensitive (2–4). OLIG
gene expression could be used to triage samples for LOH analysis,
because this process is too expensive and labor-intensive to be
performed as a matter of routine on all brain tumors. Furthermore,
OLIG levels will need to be measured against other clinical
parameters such as chemosensitivity and survival (2, 3), as well as
predictive diagnostic tests (31, 32). Finally, it bears mentioning that
ectopic expression of OLIG2 has been reported in one case of T-cell
leukemia (33). Indeed, misexpression of basis helix–loop–helix-
encoding genes (e.g., SCLyTal) is commonly associated with dys-
regulation of the cell cycle. This raises the possibility that OLIG
expression itself may play a role in the initiation or maintenance of
the glial tumor phenotype. In any case, the preponderance of
available evidence in conjunction with results of this study strongly
supports the characterization of oligodendroglial tumors as bearing
strong similarity to immature oligodendrocytes. If so, a better
understanding of factors regulating cell death and differentiation in
oligodendrocyte precursors may facilitate development of novel
adjuvants to current antioligodendroglial tumor therapies.

Note. During the course of this work, we have learned that the high level
of OLIG2 expression in oligodendroglial tumor cells was also observed by
Dr. Boris Zalc and his colleagues (personal communication). We thank Dr.
Zalc for sharing the unpublished information.
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